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Abstract
Double Periodic Variables (DPV) are among the new enigmas of semi-detached eclipsing binaries. These are
intermediate-mass binaries characterized by a long photometric period lasting on average 33 times the orbital period.
We present a spectroscopic and photometric study of the DPV V495 Cen based on new high-resolution spectra and
the ASAS V-band light curve. We have determined an improved orbital period of 33.492± 0.002 d and a long period
of 1283 d. We find a cool evolved star of M2 = 0.91± 0.2M, T2 = 6000± 250K and R2 = 19.3± 0.5R and a hot
companion of M1 = 5.76± 0.3M, T1 = 16960± 400K and R = 4.5± 0.2R. The mid-type B dwarf is surrounded
by a concave and geometrically thick disc, of radial extension Rd = 40.2 ± 1.3R contributing ∼ 11 percent to the
total luminosity of the system at the V band. The system is seen under inclination 84.◦8 ± 0.◦6 and it is at a distance
d = 2092 ± 104.6 pc. The light curve analysis suggests that the mass transfer stream impacts the external edge of
the disc forming a hot region 11% hotter than the surrounding disc material. The persistent V < R asymmetry of
the Hα emission suggests the presence of a wind and the detection of a secondary absorption component in He I lines
indicates a possible wind origin in the hotspot region.
Keywords: Binaries: general- stars: early-type: emission-line: evolution-stars: mass-loss
1 INTRODUCTION
Double Periodic Variables are interacting binary stars
of intermediate mass that show two closely linked photo-
metric variations being the long period roughly 33 times
longer than the orbital period (Mennickent et al. (2003,
2016); Mennickent (2017),Poleski et al. (2010)). The na-
ture of the second period is unknown but suspected to
reflect the strength variations of a wind generated in the
stream-disc impact region (Mennickent et al. (2012, 2016),
van Rensbergen et al. (2008)). Also, DPVs are consid-
ered as one specific evolutionary step for more massive
Algols, one possibly involving mild mass transfer and sys-
temic mass loss (Mennickent et al. (2008)). An interest-
ing property of these objects is the surprising constancy
of their orbital periods, which is not expected in Algols
undergoing RLOF mass transfer (Garrido et al. (2013)).
Also the DPVs seem to be hotter and more massive than
classical Algols and seem to have always a B-type compo-
nent; their orbital periods typically run between 4 and 100
days. DPVs have been found in the Galaxy (MW), Large
Magellanic Cloud (LMC) and the Small Magellanic Cloud
(SMC). The components of DPVs are denoted by the suf-
fixes g and d appended to the parameter designation, g
denoting the primary component (C1) or gainer (hot) and
d the secondary component (C2) or donor (cold), respec-
tively. Recently, a mechanism based on cycles of a mag-
netic dynamo in the donor star, the so called Applegate
mechanism, was proposed as an explanation for the DPV
long cycles consistent with the almost constancy of the
orbital period (Schleicher & Mennickent (2017)).
The importance of studying DPVs is the fact that they
are interesting astrophysical objects for the study of mech-
anisms of mass transfer in semidetached binaries, they
share similarities with some Algol systems, and can po-
tentially provide us a wealth of information on the den-
sity, tidal friction, wind processes and stellar dynamos in
massive close binaries (Deschamps et al. (2015),de Mink
et al. (2014)). Hitherto only a couple of DPVs, less than
5%, have been studied spectroscopically (e.g Mennickent
et al. (2008); Mennickent et al. (2012)a,b;Barr´ıa et al.
(2013, 2014);Garrido et al. (2013);Mennickent et al. (2015,
2016)).
The eclipsing interacting binary V495 Cen (ASAS ID
130135-5605.5, α2000= 13:01:35.0, δ2000= -56:05:30.0, V=
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9.95 mag, B-V= 0.52 mag, spectral type Be)1 was discov-
ered as a DPV by Mennickent & Rosales (2014), who find
that the system is characterized by a long photometric
cycle of 1283 d, resulting in the system with the longest
period among Galactic DPVs. V 495 Cen has been poorly
studied and shows an orbital period of 33.48177 d in the
ASAS2 catalogue (Pojmanski (1997)). Our study will con-
tribute to the overall understanding of DPVs, especially
those of long orbital period.
In Section 2 we present a photometric analysis of V495
Cen. In Section 3 we give a brief review of the methods
of data acquisition and data reductions. In Section 4 we
present the orbital and physical parameters of the system.
In Section 5 we model the light curve with a special code
including the light contribution of both stars and the
accretion disc, and get luminosities, radii, temperatures,
surface gravities, masses and the system’s inclination. In
Section 6 we present an analysis yielding the reddening
and distance of the system. Finally, the main results of
our research are summarized in Section 7.
2 PHOTOMETRIC EPHEMERIDES
We have re-analyzed the ASAS light curve consider-
ing only those 622 better quality data points labeled as
A-type by ASAS (Fig. 1) and rejecting outliers points,
contrary to the previous analysis (Mennickent & Rosales
(2014)) in which were considered data points labeled as
A-type and B-type, the best and normal quality respec-
tively. The data set was analyzed by Phase Dispersion
Minimization (PDM-IRAF, Stellingwerf 1978)3, revealing
an orbital period Po = 33.492±0.01613 d (the error corre-
sponds to the difference between the first approximation
by PDM and the best value found by visual inspection
of the periodogram minimum) and the epoch of minimum
HJD = 2454609.71384±0.032 d. We have noticed that the
orbital period shown in ASAS (33.4817 d) does not match
the value obtained by us. This is probably due to the fact
that the algorithm used by PDM to search for periods is
different to that used by ASAS at the moment of carrying
out the periodogram.
With the long and short periods we disentangled
the light curve with a code specially designed for this
purpose by Zbigniew Ko laczkowski. The code fits the
data with a Fourier series consisting of fundamental
frequencies and harmonics and removes them. As a result
we obtain the cleaned light curve with no frequencies
and two light curves for the isolated orbital and long
cycles as shown in (Fig. 2). The process reveals an orbital
1http://simbad.u-strasbg.fr/simbad
2http://www.astrouw.edu.pl/asas/
3IRAF is distributed by National Optical Astronomy Observato-
ries, which are operated by Association of Universities for Research
in Astronomy, Inc., under cooperative agreement with the National
Science Foundation
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Figure 1. Histogram of magnitude for V495 Cen with 50 bins.
modulation typical of an eclipsing binary type (EB), with
rounded inter-eclipse regions revealing proximity effects,
and a longer cycle characterized by a quasi-sinusoidal
variability typical of Double Periodic Variables, whose
full amplitude in the V -band is ∼ 20% with respect to the
total brightness. We determined the following ephemeris
for the light curves:
HJDmin,orbital = 2454609.713(32) + 33.492(16)×E, (1)
HJDmax,long = 2454926.699(42) + 1283× E,
(2)
These are used for the spectroscopic analysis in the rest
of the paper.
3 SPECTROSCOPIC OBSERVATIONS
To investigate the fundamental properties of V495 Cen
we collected a series of high-resolution optical spectra be-
tween February and May 2015 with the CHIRON4 spec-
trograph. We obtained 10 spectra with R ∼ 25000 (fiber
mode) and 30 spectra with R ∼ 80000 (slicer mode). The
spectral regions covered were 4500-8500 A˚ and 4580-8762
A˚ at the fiber and slicer mode, respectively, with a typical
signal to noise ratio (SNR) of ≈ 160.
The corrections with flat and bias, wavelength calibra-
tion and order merging were done with IRAF. We also nor-
malized all spectra to the continuum and corrected them
to the heliocentric rest frame.
The spectra obtained with CHIRON are not sky-
subtracted. We have not flux calibrated our spectra but
4http://www.ctio.noao.edu/noao/content/CHIRON
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Figure 2. V495 Cen ASAS V-band light curve after disentangling.
Orbital period (up) and long period (down). Phases were calculated
according to times of light curve minimum and maxima, given by
equation (1) and (2).
this does not affect the strength measurements and radial
velocities included in this paper.
4 SPECTROSCOPIC ANALYSIS
4.1 Spectral disentangling
The spectra were disentangled with a method that
is quite good for separating the absorption-lines widths
of both stellar components Gonza´lez & Levato (2006).
This method turns to be effective when working with
absorption-lines widths less than the radial velocity am-
plitude of the corresponding star, i.e. for most lines ex-
cept for the strong and wide Hα emission. For this reason
all spectral regions of interest except the Hα region were
disentangled. However, as we can see in Fig. 3, the under-
lying donor absorption is small compared with the strong
double peak Hα emission. The presence of emission in
Hα confirms the interacting binary nature for this system
and suggests it is in a semi-detached stage and possesses
a circumstellar disc. We notice the deep central absorp-
tion between the emission peaks revealing large amounts
of obscuring material through the line of sight and also
the larger intensity of the red peak at this specific epoch.
4.2 Determination of donor physical parameters
To determine the physical parameters of the secondary
star, we compared our observed average donor spectrum
with synthetic spectra constructed with SPECTRUM5
which uses atmospheric models computed with grids of
5http://www.appstate.edu/ grayro/spectrum/spectrum.html
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Figure 3. The Hα line on HJD 2457062.80354576 (φo = 0.24,φl =
0.68) and the best synthetic spectrum for the donor.
ATLAS96 model atmospheres (Castelli & Kurucz (2004)).
The models used are in Local Thermodynamic Equilib-
rium (LTE).
The theoretical models were calculated for effective
temperatures from 4250 to 19000 K with steps of 250 K,
surface gravities from 0.5 to 3.5 dex with steps of 0.5 dex,
solar metallicity, micro-turbulent velocity from 0.0 to 2.0
km s−1 with steps of 1.0 km s−1 and macro-turbulent
velocity from 1.0 to 20.0 km s−1 with steps of 1.0 km s−1.
Our analysis aimed to find the best synthetic spec-
trum was based on a chi-square optimization algorithm.
The method allowed simultaneous determination of vari-
ous parameters involved with stellar spectra and consists
of the minimization of the deviation between the theo-
retical normalized flux distribution and the observed nor-
malized spectrum, the latter corrected by a veiling factor
η. The synthetic spectrum depends on the stellar param-
eters, such as effective temperature Teff , surface grav-
ity logg, rotational velocity vsini, micro-turbulence vmic
and macro-turbulence velocity vmac. The optimization of
the method converged successfully at T2 = 6000± 250 K,
logg2 = 2.5±0.5, v2rsini = 26±1 km s−1, vmic = 0.0±0.5
km s−1 , vmac = 11± 0.5 (Fig. 4, 5). We observed a slow
divergence of the method for higher temperatures and sur-
face gravity.
4.3 Radial velocities for the donor
The radial velocity of the donor was measured by cross
correlation of a spectral region plenty of metallic lines with
a spectrum chosen as a template. Then the velocities were
translated to the absolute heliocentric system by adding
the template velocity obtained by simple Gaussian fits to
selected absorption lines. The donor velocities are given
in Table 4.
6http://wwwuser.oats.inaf.it/castelli/grids.html
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Figure 4. A detailed comparison between the observed and synthetic (best model: smoothed line in red colour) donor spectrum.
 4000  6000  8000  10000 12000 14000 16000 18000 20000 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 0
 100
 200
 300
 400
 500
 600
 700
 0
 100
 200
 300
 400
 500
 600
 700
Chi-square (x²)
T (K)
log(g)
T(K)         
  
  
  
 
log
(g)
 0 100
 200 300
 400 500
 600 700
log
(g)
log
(g)
log
(g)
Figure 5. Colour map of χ2 with two degrees of freedom and with
all other parameters at their optimized values for donor star corre-
sponding to value of ∆χ2 = 8.26 from a total 12134 data.
To find the orbital elements of V495 Cen, we used
the genetic algorithm PIKAIA 7 developed by Char-
bonneau (1995). The method consists in finding the
set of orbital parameters that produces a series of theo-
retical velocities that minimize the function χ2, defined as:
χ2(Po, τ, ω, e,K2, γ)
=
1
N − 6
N∑
j=1
(
V obsj − V (tj ;Po, τ, ω, e,K2, γ)
σj
)2
, (3)
Where N is the number of observations, V obsj is
the radial velocity observed in the data set, and
V (tj ;Po, τ, ω, e,K2, γ) is the radial velocity at time tj
given the parameters. Po is the orbital period, ω the
7http://www.hao.ucar.edu/modeling/pikaia/pikaia.php
periastron longitude, τ the time of passage per the peri-
astron, e the orbital eccentricity, K2 the half-amplitude
of the RV for the donor, and γ the velocity of the system
centre of mass. The radial velocity is given by:
V (t) = γ +K2(cos(ω + θ(t)) + ecos(ω)),
(4)
(Hilditch (2001), eq. 2.45) where θ is the true anomaly
obtained solving the following two equations involving
the eccentric anomaly E :
tan
(
θ
2
)
=
√
1 + e
1− e tan
(
E
2
)
,
(5)
E − esin(E) = 2pi
Po
(t− τ), (6)
(Hilditch (2001), eq. 2.35) To calculate this, we must first
solve equation (6) for E, then solve Equation (5) for θ,
and finally solve equation (4) for V (tj ;Po, τ, w, e,K2, γ).
The error was estimated using Monte Carlo simulations,
by perturbing the best-fitting solution obtained with
PIKAIA and computing a χ2 of these perturbed solu-
tions. We note that our eccentricity solutions give a small
value of e = 0.007. We have implemented a test for the
significance of the eccentricity (Lucy & Sweeney (1971)).
According to this test the condition p1 < 0.05 means a
significant ellipticity, where:
4
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Figure 6 The radial velocities of the donor obtained by cross corre-
lation of a region plenty of metallic lines and the best fit, given for
Eq. 4.
p1 =
(∑
(o− c)2ecc∑
(o− c)2circ
)(n−m)/2
(7)
where ecc indicates the residuals of an eccentric fit, and
circ the residuals of a circular fit, n the total number of
observations, m the number of free parameters in an ec-
centric fit. Finally p1 is the probability of falsely rejecting
the circular orbit. We obtained p1 = 0.0178 which is in
principle compatible with a very small ellipticity. How-
ever, the 1σ error still allows a circular orbit. The orbital
parameters and errors are given in Table 1 and the best
fit to the radial velocities is shown in Fig. 6.
The secondary star dominates the metallic and Balmer
line spectrum. It was quite difficult to find lines from the
gainer. However, we found a little group of characteristic
lines that represents the movement of the gainer star and
we choose to use the most characteristic lines for a star
of B spectral type, these were found as components of the
He I 5015 and He I 5875 lines (Fig. 7), as also happened in
the DPV HD 170582 (Mennickent et al. (2015)). It should
be noticed that in HD 170582 the origin of the anomalous
He I component is placed near the hotspot region, consis-
tent with a hotspot wind. The radial velocities for the C1
component (gainer) of the He I 5015 line and the C2 com-
ponent (donor) of the He I 5875 line were measured with
a gaussian fit and are shown in Fig. 8, along with fits
for both orbits. We observe that the technique of gaus-
sian fit provides velocities with a larger scatter than those
obtained with the cross correlation method.
The RV of the component C1 for He I 5015 is fitted with
a sine function of amplitude 16.92± 0.84 km s−1 and zero
point 0.00 ± 0.58 km s−1. It moves in opposition to the
donor and it could reflect the motion of the gainer around
the binary center of mass. The RV of the component C2 of
He I 5875 was fitted with a sine of amplitude 106.80±0.39
km s−1 and zero point −0.91±0.28 km s−1, both solutions
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Figure 7. He I 5015 for HJD 2457062.78265893 (Φo = 0.24, Φl =
0.68, up) and for HJD 2457078.7407534 (Φo = 0.72, Φl = 0.70,
below). The dotted (red) arrow indicates the donor star component
while the solid (black) arrow indicates the component attributed to
the gainer.
assume a circular orbit (Fig. 8). The reason for which the
radial velocity curve of the component C1 has a small
phase lag might be due to the brightness contribution of
the disc in the absorption line.
4.4 The Hα emission line profile
An important result of our spectroscopic analysis is that
the Hα profile shows a double peak emission with the red
peak always of larger intensity than the blue one while the
central absorption does not follow the motion of none of
the stellar components (Fig. 9). Representative Hα pro-
files at some epochs and intensity/width measurements
performed at the mean profile are shown in Fig. 10. The
full width of the line at the level of the continuum is 776
km s−1.
The double emission and the deep absorption core is
typical of a disk seen at large inclination, however the
persistence of the larger red peak is not usual. In binaries
with accretion discs, it is normal to find variations of the
relative intensities of the emission peaks. This is quan-
tified with the parameter V/R usually defined as V/R =
(Iv − 1)/(Ir − 1), i.e. in terms of the peak intensities rela-
tive to the normalized continuum. Due to bright zones in
the disc of Algols this ratio tends to vary cyclically with
the orbital period. However, in V495 Cen we observe al-
most always V < R. This can be interpreted as evidence
of material escaping from the system, i.e. a wind emerg-
ing probably from the hotspot region. We also notice here
that the strength of the Hα emission is large compared
with other cases of DPVs. The equivalent width (EW) of
the Hα line shows a clear periodic behavior and varies with
the orbital period. A least square fit of sine type, with the
5
Table 1: Orbital elements for the donor of V495 Cen obtained through minimization of χ2 given by equation (1). The
value τ∗ = τ − 2450000 is given and the maximum and minimum are one isophote 1σ
Parameter Best value Low limit Upper limit
Po(d) 33.48100 33.35620 33.60620
τ∗ 105.12600 105.02200 105.23000
e 0.00733 0.00000 0.02600
ω(rad) 1.68911 1.67044 1.70844
K2(kms
−1) 106.88000 105.19200 108.49200
γ(kms−1) −0.75273 −2.12456 0.61544
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Figure 8. Radial velocities of the He I 5015 C1 component and
He I 5875 C2 component measured by gaussian fits. For comparison
we show the velocities measured with the cross correlation method,
applied to a region plenty of metallic lines (red dots). The best fits
are shown for both orbits.
orbital period fixed at 1.0 Po (solid line in Fig. 11), repre-
sents the observed data quite well, and shows a mean EW
of 9.517 ± 0.063 A˚ and an amplitude of 1.985 ± 0.663 A˚.
The phase of observations is such that the minima occur
at orbital phase 0.15. A probable interpretation is that
there is an asymmetric distribution of Hα emission on the
surface of the star or material escaping from the hotspot,
which is assumed to be synchronously rotating. Also we
note the spectral resolution difference for each equivalent
width obtained by fiber mode (R∼25000, blue dots) and
slicer mode (R∼80000, black dots).
4.5 Gainer, mass ratio and circumstellar matter
In some spectroscopic binaries stars, spectral lines from
both stars are visible and the lines are alternately double
or single. These systems are known as double-lined spec-
troscopic binaries, denoted as SB2. But in other systems,
the spectrum of only one component is seen and the lines
in the spectrum shift periodically towards the blue and
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Figure 9. The behavior of Hα line sorted by phases. The radial
velocities were over plotted in each spectrum to compare with the
movement of the donor (blue dots) and gainer (red triangles).
red. Such stars are known as single-lined spectroscopic bi-
naries or SB1. V495 Cen is probably an SB2 system and
we have assumed that the velocity obtained from the C1
He I 5015 line represents the gainer orbital motion hence
we have inferred a mass ratio q = 0.158± 0.008.
Now let’s investigate if this value is compatible with
synchronous rotation for the secondary star filling the
Roche lobe; we use the following equation valid for semi
detached binaries:
vrotsini
K
≈ (1 + q) 0.49q
2/3
0.6q2/3 + ln(1 + q1/3)
(8)
(Eggleton (2006), eq. 3.5 and 3.9). Therefore with
K2 = 106.880 km s
−1 and vrot2sini = 26 km s−1 with
their respective errors and considering the 1% of accuracy
of equation 8, we get q= 0.119 ± 0.037, which is very close
to the q value derived from the RV half-amplitude of the
helium components (Fig. 12); therefore we can say that the
5015 HeI line comes from the gainer star. Since synchro-
nism is expected for such a short orbital period binary due
to the influence of dynamical tides (Zahn (1975, 1977)),
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Figure 10. (Left) Variation of the Hα profile at different orbital phases. (Right) Hα profile average with representative sizes. The width
of the absorption was measured at the height of the continuum but was raised to facilitate the visibility of the data.
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from now on we assume the donor rotating synchronously.
Another important point is the relation between the
mean density ρ (in solar units) of a star that just fills its
Roche lobe and the effective radius RL (Eggleton (1983))
we quantified as the product between the critical orbital
period (days) and mean density (g cm−3) as:
Pcr
√
ρ =
(
3pi
G
)1/2(
q
1 + q
)1/2
x
−3/2
L (9)
where xL is in units of the orbital separation. Assuming
q = 0.158 from the above RV study, we have obtained the
ratio between the effective radius and the orbital separa-
tion RL/a = 0.236± 0.155 (Eggleton (2006), eq. 3.5), and
estimated the critical period Pcr
√
ρ = 0.44 ± 0.06, which
is the shortest period possible for a binary of given mass
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Figure 12. The solid line is given by equation 8 and the dashed
lines show the synchronous (q = 0.158) and the observed (sub-
synchronous, q = 0.119) cases.
ratio into which a star of given mean density ρ can be fit-
ted without overflowing its Roche lobe (Eggleton (1983),
eq. 3). Both values are significant figures to understand
the evolution of the Double Periodic Variable V495 Cen.
4.6 Mass constraints from spectroscopy
The mass function represents the minimum possible
mass for the unseen star, for a system with unknown or-
bital inclination i and elliptical orbit, it may be expressed
as:
f = 1.0361× 10−7(1− e2)3/2
(
K2
kms−1
)3 Po
day
M (10)
(Hilditch 2001, eq. 2.53) Using q = 0.158 (donor rotating
7
synchronously) and an elliptical orbit with e= 0.007
from the above RV study, we obtained a mass function
f = 4.235 ± 0.015M. Assuming an orbital inclination
i = 84.8 (see the next section), the respective masses are
Md = 0.911 ± 0.420M and Mg = 5.753 ± 0.451M.
These are preliminary results. Both are compatible with
results obtained, independently, through LC analysis in
the next section.
5 LIGHT-CURVE MODEL AND SYSTEM
PARAMETERS
5.1 The fitting procedure
We find the main physical parameters for the stellar
components fitting the V-band light curve with the aid of
an inverse-problem solving method based in the algorithm
developed by Djurasˇevic´ (1992, 1996). We have assumed
a semi-detached system with the donor filling the Roche
lobe, and we adopted a configuration that included an
optically thick accretion disc around the gainer star.
Our model considers a hot spot located on the edge side
of the disc, and it is described by the ratio of the hot spot
temperature and the unperturbed local temperature of the
disc, the angular dimension and longitude (in arc degrees).
Synchronous rotation is assumed for both stellar compo-
nents. The model used follows results of hydrodynamical
simulation of gas dynamics in interacting close binary stars
by Bisikalo et al. (1998, 1999, 2003) and has been tested
in studies of DPVs (e.g. Mennickent et al. (2012),Barr´ıa
et al. (2013),Mennickent et al. (2015)).
We fixed q = 0.158 and Tc = 6000K based on the
spectroscopic study previously presented. In addition, we
set the gravity darkening exponent and the albedo of the
gainer to βh = 0.25 and Ah = 1.0 in accordance with von
Zeipel’s law for radiative shells and complete re-radiation;
for the donor we set βc = 0.08 and Ac = 0.5, as is ap-
propriate for stars with convective envelopes according to
Lucy (1967),Rafert & Twigg (1980),Rucin´ski (1969).
5.2 The best light-curve model
The best fit model for V495 Cen contains an optically
and geometrically thick disc around the gainer star; the
stellar, orbital and disc parameters are given in Table 2.
The system inclination angle is i = 84◦.8± 0.6 and the
disc radius Rd = 40.2 ± 1.3R, which is 9 times larger
than the radius of the main star Rh = 4.5. The disc has
central vertical thickness dc = 0.6R and edge thickness
de = 3.8R, i.e. it has a concave form. The temperature
of the disc increases from Td = 4040 K at the outer edge
to Th = 16960 K at the inner edge where it is in thermal
and physical contact with the gainer. The surface gravity
Table 2: Results of the analysis of the V -band light-
curve of V495 Cen obtained by solving the inverse prob-
lem for the Roche model with an accretion disc around the
more-massive (hotter) gainer in the synchronous rotation
regime.
Quantity Quantity
n 617 M
h
[M] 5.76± 0.3
Σ(O− C)2 0.5751 M
c
[M] 0.91± 0.2
σrms 0.0306 Rh [R] 4.5± 0.2
i[◦] 84.8± 0.6 Rc [R] 19.3± 0.5
Fd 0.88± 0.03 log gh 3.89± 0.02
Td[K] 4040± 250 log gc 1.83± 0.02
de[aorb] 0.046± 0.016 Mhbol −3.16± 0.1
dc[aorb] 0.007± 0.009 M cbol −1.80± 0.1
aT 4.1± 0.3 aorb[R] 82.8± 0.3
fh 1.00 Rd[R] 40.2± 1.3
Fh 0.109± 0.014 de[R] 3.8± 0.2
Th[K] 16960± 400 dc[R] 0.6± 0.2
Ahs = Ths/Td 1.11± 0.05
θhs[
◦] 18.2± 2.0
λhs[
◦] 338.3± 9.0
θrad[
◦] −15.4± 13.6
Ωh 18.36± 0.02
Ωc 2.125± 0.05
Note: Fixed Parameters: q = Mc/Mh = 0.158 - mass ratio of the
components, Tc = 6000K -temperature of the less-massive (cooler)
donor, Fc = 1.0 -filling factor for the critical Roche lobe of the
donor, fh,c = 1.00 - non-synchronous rotation coefficients of the
system components, βh = 0.25, βc = 0.08- gravity-darkening coeffi-
cients of the components, Ah = 1.0,Ac = 0.5 - albedo coefficients of
the components.
Note: n - number of observations, Σ(O− C)2 - final sum of
squares of residuals between observed (LCO) and synthetic (LCC)
light-curves, σrms - root-mean-square of the residuals, i - orbit
inclination (in arc degrees), Fd = Rd/Ryc - disk dimension factor
(the ratio of the disk radius to the critical Roche lobe radius along
y-axis), Td - disk-edge temperature, de, dc, - disk thicknesses (at
the edge and at the center of the disk, respectively) in the units
of the distance between the components, aT - disk temperature
distribution coefficient, fh - non-synchronous rotation coefficient
of the more massive gainer (in the synchronous rotation regime),
Fh = Rh/Rzc - filling factor for the critical Roche lobe of the hotter,
more-massive gainer (ratio of the stellar polar radius to the critical
Roche lobe radius along z-axis for a star in synchronous rotation
regime), Th - temperature of the gainer, Ahs,bs = Ths,bs/Td -
hot spot temperature coefficients, θhs and λhs - spot angular
dimension and longitude (in arc degrees), θrad - angle between the
line perpendicular to the local disk edge surface and the direction
of the hot-spot maximum radiation, Ωh,c - dimensionless surface
potentials of the hotter gainer and cooler donor, Mh,c [M],
Rh,c [R] - stellar masses and mean radii of stars in solar units,
log gh,c - logarithm (base 10) of the system components effective
gravity, Mh,c
bol
- absolute stellar bolometric magnitudes, aorb [R],
Rd[R], de[R], dc[R] - orbital semi-major axis, disk radius and
disk thicknesses at its edge and center, respectively, given in solar
units.
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of the secondary component (donor) is loggc = 1.83± 0.1
i.e. almost 1σ below the spectroscopic value 2.5 ± 0.5.
The temperature of the hotspot is Ths ≈ 4484 K i.e. is 11
percent higher than the disc edge temperature.
The light curve and the fit, the O-C curve, residuals,
and the individual flux contributions of the donor, disc
and the gainer, are shown in Fig. 13. Also we show a view
of the model at orbital phases 0.05, 0.55 and 0.80.
The obtained solution can be treated as unique with a
model of the system with fixed initial parameters (mass
ratio and temperature of the donor). The uniqueness of
the obtained optimal solution is checked by the solving the
inverse problem of the light curve interpretation by apply-
ing the Simplex algorithm. Even, if we vary the initial
system parameters in the initial simplex in the interval of
5-10% of the optimal solution, the optimization process
converges to the obtained solution within a given errors
bars. Of course, if the initial fixed parameters are used
with a larger uncertainty, the estimated errors bars of the
free model parameters increase too.
6 REDDENING, DISTANCE AND SPEC-
TRAL ENERGY DISTRIBUTION
6.1 Distance determination
In order to determine the distance to the system we
have applied a standard method based on the distance
modulus to both binary components observed in the V
band (Clausen, 2004):
(md,g −Md,g)0 = 5log(Rd,g/R) + (md,g −AV )
−Mbol + 10log(Td,g/T)
+BCd,g (11)
where AV is interstellar absorption and BC the bolometric
correction; the apparent magnitudes, radii and effective
temperatures of gainer and donor are represented with
sub-indexes g and d, respectively.
Maps of Galactic dust and extinction in the region of
V495 Cen are available on-line and give E(B − V )S&F =
0.2820±0.0069 (Schlafly & Finkbeiner (2011)) and E(B−
V )SFD = 0.3279±0.0080 (Schlegel et al. (1998)). Assum-
ing a visual extinction to reddening ratio AV /E(B−V ) =
3.1 we get AVS&F = 0.8460± 0.006 and AVSFD = 0.9837±
0.008, where we preferred the most recent determination
of the reddening in the direction of the target.
The model of the V -band light curve (Fig. 13) shows
that the flux of the system at the V band at quadratures
φo = 0.25 and φo = 0.75 is ft = 1.77 ± 0.05 while the
individual flux contribution of the donor is fd = 1.0±0.05,
of the gainer is fg = 0.57 ± 0.05 and the disc is fdisc =
0.2 ± 0.05. This means that at quadrature the donor,
Figure 13. From top to bottom we show the observed (LCO) and
synthetic (LCC) light-curves of V495 Cen obtained by analyzing pho-
tometric observations, final O-C residuals between the observed and
optimum synthetic light curves, flux of donor, gainer and of the ac-
cretion disc, normalized to the donor flux at phase 0.25. The views
of the optimal model at orbital phases 0.05, 0.50 and 0.80 obtained
with parameters estimated by the light curve analysis.9
gainer and disc contribute 57, 32 and 11 % to the total
flux at the V band, respectively.
The apparent magnitude of the donor and gainer are
derived from:
md −mt = −2.5log
(
fd
ft
)
(12)
Considering that the observed apparent magnitude of
the system is mt(V ) = 9.95 ± 0.03, and the flux frac-
tions given above, we find md=10.569 ± 0.044 mag and
mg=11.180 ± 0.037 mag.
The bolometric corrections were taken from Flower
(1996) and the solar bolometric magnitude was taken
from Torres (2010). We use logTd= 3.778 ± 0.042 and
BCd= -0.045 ± 0.110 for the donor and logTg =4.229
± 0.024 and BCg= -1.525 ± 0.079 for the gainer, and
the individual distance are dd = 1923.092 ± 137.538 pc
dg = 2401.043± 187.169 pc. The difference in the distance
for donor and gainer can be interpreted as an estimate of
the intrinsic error of the method due to the gainer star is
hidden by the disc, causing an extra reddening that is not
the same reddening caused by the total absorption across
the line of sight to V495 Cen. Therefore we have averaged
the values obtaining for the system distance:
d(pc) = 2162.068± 324.707 pc (13)
Since the maximum absorption through the galactic gas
column along the system line of sight has been considered
for this calculation, this distance must be considered as a
lower limit only.
6.2 Position in the H-R Diagram
From the above sections it is clear that the less massive
star is the more evolved star of the binary pair, as usual in
Algol systems. This can be explained by the mass transfer
that has inverted the system mass ratio in such a way
that the less massive star started as the more massive one
some time ago and evolved first until filling its Roche lobe
just before start mass transfer onto the now more massive
stellar component.
In order to study the position of V 495 Cen in the
luminosity-temperature diagram, we have chosen as com-
parison models based on a grid that is part of the large
database of Geneva stellar models8. We consider single
star models with metallicity Z= 0.014 (Ekstro¨m et al.
(2012)) as a first approximation to understand the evo-
lutionary stage of V 495 Cen (Fig. 14).
We observe that the gainer (5.76 M) is located outside
the main sequence, showing a luminosity similar to a single
star of that mass. It is located near the start of the stellar
8https://obswww.unige.ch/Recherche/evoldb/index/
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Figure 14. Hertzsprung-Russell diagram of evolutionary track for
non-rotating single stars models (Ekstro¨m et al. (2012)). The blue
line corresponds to 6.0M while the red line to 4.35M. Lines
represent stellar tracks without rotation calculated at Z= 0.014.
contraction stage for the evolutionary track of 6.0 M.
The core fractions of hydrogen and helium are 0.72 and
0.266, respectively. On the other hand, the donor (0.91
M) has a huge luminosity compared with a star of similar
mass and fits the evolutionary track of a 4.35 M single
star in the phase of hydrogen shell narrowing (Iben 1967,
Fig.14). The high luminosity donor can be understood in
terms of an evolved giant filling its Roche lobe that has
transferred part of its mass onto the gainer forming the
accretion disc.
Also we have inferred the color of each star as function
of effective temperature (Torres (2010)). (B − V )og =
−0.200± 0.001, (B − V )od = 0.571± 0.001 and compared
the intrinsic color of both obtaining the spectral classes of
each star. Hence, considering all above we find that the
gainer is an early B3 V type, and the donor corresponds to
late F9 IV, based on the intrinsic color analysis (Fitzgerald
(1970)).
6.3 Spectral Energy Distribution (SED).
The determination of the physical parameters of as-
tronomical objects from observational data is frequently
linked with the use of theoretical models as templates.
In order to obtain the broad-band photometric fluxes
we compiled all the information available for V495
Cen and built the SEDs with the aid of the Spanish
Virtual Observatory SED Analyzer 9 (Bayo et al. (2008)).
We performed a statistical test to decide which syn-
thetic model best reproduces the observed data. The
provided “best” fitting model is the one that minimizes
the value of reduced χ2, considering the composite flux as:
9http://svo2.cab.inta-csic.es/theory/vosa4/
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fλ = fλ,010
−0.4E(B−V )[k(λ−V )+R(V )] (14)
where
fλ,0 =
(
R2
d
)2 [(
R1
R2
)2
f1,λ + f2,λ
]
(15)
and f1 and f2 are the fluxes of the star and secondary
star respectively, R(V ) ≡ A(λ)/E(B − V ) is the ratio of
reddening to extinction at V , d is the distance to the sys-
tem and R1/R2 is the ratio of the primary star radius to
the secondary star radius, k(λ−V ) ≡ E(λ−V )/E(B−V )
is the normalized extinction curve and was calculated in
two steps:
k =
{
ελ−β −Rv if x < 0.3
Rv
(
a(x) + b(x)Rv − 1
)
if 0.3 ≤ x ≤ 8.0
(16)
Where x ≡ 1/λ(µm−1), ε = 1.19, β = 1.84 and Rv = 3.05,
with formal errors of about 1% (Martin & Whittet (1990)),
however, this value of β is not applicable at wavelengths
beyond 5 µm. The parameters a(x) and b(x) are the
parametrization coefficients for the extinction law from
Cardelli et al. (1989).
The theoretical spectra were taken from the library of
ATLAS9 Kurucz ODFNEW /NOVER models. We used
fluxes calculated with metallicity index [M/H]= 0.0, the
micro turbulence velocity for both stars was of 0.0 kms−1.
We considered the reddening produced by galactic dust
as discussed in Section 3.1. The parametric space of the
models was reduced to consider: donor temperature be-
tween 4250 and 8000 K with step of 250 K and surface
gravity between 0.5 and 3.0 with steps 0.5, gainer temper-
ature between 16000 and 17000 K with step of 1000 K and
surface gravity between 3.5 and 4.5 with step of 0.5. We
fixed the radii and considered all values of the photometry
obtained with VOSA from 4280 A˚ until 220883 A˚.
We implemented a chi-square adjustment considering a
distance with a 5% error, for 7 degrees of freedom, i.e.
x2critic 0.95,7. We found a distance of d = 2092 pc with a
χ2 = 1.447. Due to χ2 < χ2critic 0.95,7, then the solution
is accepted and the solution obtained in Section 6.1 is
consistent with the current results (Fig. 15).
In addition, we observe a slight infrared excess at wave-
lengths longer than 10000 A˚, which cannot come from the
main star itself but from cooler emitting material. This
excess is probably formed in the same circumstellar mate-
rial responsible of the strong Hα line emission.
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Figure 15. The best fit to the spectral energy distribution (SED)
considers a two-star composite spectrum; it reproduces well the bluer
part but exhibits a significant excess from the near-infrared that is
probably formed in the circumstellar material. The black and orange
theoretical spectrum is given by equation 14.
7 CONCLUSIONS
In this work we have presented a detailed spectro-
scopic and photometric analysis of V 495 Cen, the hitherto
longest orbital period Galactic DPV. We conclude:
• From the photometric study we have determined that
V495 shows an orbital period of Po = 33.492± 0.002
d and a long period of Pl = 1283 d.
• We have modeled the spectrum and light curve and
the best system and orbital parameters we found are
given in Table 2. For instance, we determined the
mass of the secondary star M2 = 0.91 ± 0.2M, its
temperature T2 = 6000 ± 250 K and radius R2 =
19.3 ± 0.5, the mass of the primary M1 = 5.76 ±
0.3M, its the temperature T1 = 16960 ± 400K and
radius R1 = 4.5± 0.2R.
• The early B type dwarf is surrounded by an optical
and geometrically thick accretion disc of radial exten-
sion Rd = 40.2± 1.3R.
• At quadratures the donor, gainer and disc contribute
57, 32 and 11% to the total flux at the V band, re-
spectively.
• The best model shows a hot spot located in the outer
edge of the disc, 11% hotter than the surrounding disc
and displaced 18.2 degree for the line joining the star
centers in the direction of the orbital motion.
• The spectral energy distribution shows infrared excess
indicating the presence of a circumstellar material.
• We found a lower limit to the distance to V495 Cen
of 2092 pc with a χ2 = 1.447 for 7 degrees of freedom
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and 95% of confidence level, i.e. the distance for V495
Cen is 2092 ± 104.6 pc.
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Table 3: Summary of spectroscopic observation. N is number of spectra. The HJD at mid-exposure for the first
spectrum series is given, Φo and Φl refer to the orbital and long-cycle phase, respectively, and are calculated according
to Eq. 1 and Eq. 2. Spectral Resolution R ∼ 80000 (with image slicer) and R∼ 25000 (fiber mode).
UT-date Observatory/Telescope Instrument N exptime (s) HJD Φo Φl S/N R
2015− 02− 09 CTIO/1.5m CHIRON 1 1800 2457062.78265893 0.2438536557 0.6899319243 214.11 25000
2015− 02− 09 CTIO/1.5m CHIRON 1 1800 2457062.80354576 0.2444773294 0.6899482040 133.13 25000
2015− 02− 12 CTIO/1.5m CHIRON 1 1800 2457065.73864590 0.3321184204 0.6922358892 172.66 25000
2015− 02− 12 CTIO/1.5m CHIRON 1 1800 2457065.75953170 0.3327420633 0.6922521681 139.00 25000
2015− 02− 15 CTIO/1.5m CHIRON 1 1800 2457068.81094574 0.4238562478 0.6946305111 114.24 25000
2015− 02− 15 CTIO/1.5m CHIRON 1 1800 2457068.83183151 0.4244798898 0.6946467900 137.29 25000
2015− 02− 18 CTIO/1.5m CHIRON 1 1800 2457071.65142447 0.5086719758 0.6968444462 229.02 25000
2015− 02− 18 CTIO/1.5m CHIRON 1 1800 2457071.67231145 0.5092956539 0.6968607260 107.85 25000
2015− 02− 21 CTIO/1.5m CHIRON 1 1800 2457074.85684834 0.6043848414 0.6993428280 116.52 25000
2015− 02− 21 CTIO/1.5m CHIRON 1 1800 2457074.85684834 0.6043848414 0.6993428280 113.69 25000
2015− 02− 25 CTIO/1.5m CHIRON 1 1800 2457078.74075340 0.7203569245 0.7023700338 79.80 80000
2015− 02− 25 CTIO/1.5m CHIRON 1 1800 2457078.76179291 0.7209851571 0.7023864325 74.70 80000
2015− 02− 28 CTIO/1.5m CHIRON 1 1200 2457081.64889093 0.8071929212 0.7046367038 41.35 80000
2015− 03− 03 CTIO/1.5m CHIRON 1 1200 2457084.80281535 0.9013680308 0.7070949457 54.36 80000
2015− 03− 06 CTIO/1.5m CHIRON 1 1200 2457087.65572745 0.9865550149 0.7093185717 49.53 80000
2015− 03− 09 CTIO/1.5m CHIRON 1 1200 2457090.67030988 0.0765694201 0.7116682072 57.18 80000
2015− 03− 12 CTIO/1.5m CHIRON 1 1200 2457093.71585473 0.1675083526 0.7140419756 60.09 80000
2015− 03− 13 CTIO/1.5m CHIRON 1 1200 2457094.71578943 0.1973660624 0.7148213480 52.11 80000
2015− 03− 16 CTIO/1.5m CHIRON 1 1200 2457097.70121347 0.2865098080 0.7171482568 53.50 80000
2015− 03− 19 CTIO/1.5m CHIRON 1 1200 2457100.64933568 0.3745397337 0.7194460917 63.64 80000
2015− 03− 22 CTIO/1.5m CHIRON 1 1200 2457103.62769326 0.4634724772 0.7217674928 36.06 80000
2015− 04− 03 CTIO/1.5m CHIRON 1 1200 2457115.62824705 0.8218049283 0.7311210032 76.57 80000
2015− 04− 06 CTIO/1.5m CHIRON 1 1200 2457118.57643026 0.9098366754 0.7334188856 62.55 80000
2015− 04− 09 CTIO/1.5m CHIRON 1 1200 2457121.61299987 0.0005076103 0.7357856585 50.84 80000
2015− 04− 09 CTIO/1.5m CHIRON 1 3360 2457121.68248558 0.0025824300 0.7358398173 102.58 80000
2015− 04− 09 CTIO/1.5m CHIRON 1 3360 2457121.72158038 0.0037497874 0.7358702887 101.85 80000
2015− 04− 10 CTIO/1.5m CHIRON 1 1200 2457122.62723699 0.0307923855 0.7365761785 51.96 80000
2015− 04− 10 CTIO/1.5m CHIRON 1 3360 2457122.68590166 0.0325440926 0.7366219031 68.10 80000
2015− 04− 11 CTIO/1.5m CHIRON 1 1200 2457123.60255273 0.0599149815 0.7373363622 60.33 80000
2015− 04− 13 CTIO/1.5m CHIRON 1 1200 2457125.54243230 0.1178391251 0.7388483494 42.48 80000
2015− 04− 17 CTIO/1.5m CHIRON 1 1200 2457129.53506219 0.2370576945 0.7419602979 59.30 80000
2015− 04− 20 CTIO/1.5m CHIRON 1 1200 2457132.67083800 0.3306908928 0.7444043944 57.25 80000
2015− 04− 23 CTIO/1.5m CHIRON 1 1200 2457135.59115892 0.4178906814 0.7466805603 67.59 80000
2015− 04− 26 CTIO/1.5m CHIRON 1 1200 2457138.60097040 0.5077626277 0.7490264773 44.16 80000
2015− 04− 29 CTIO/1.5m CHIRON 1 1200 2457141.63049700 0.5982232607 0.7513877607 45.85 80000
2015− 05− 03 CTIO/1.5m CHIRON 1 1200 2457145.71165279 0.7200851833 0.7545687083 35.71 80000
2015− 05− 06 CTIO/1.5m CHIRON 1 1200 2457148.69643838 0.8092098650 0.7568951195 56.81 80000
2015− 05− 09 CTIO/1.5m CHIRON 1 1200 2457151.80714083 0.9020943813 0.7593196733 55.85 80000
2015− 05− 10 CTIO/1.5m CHIRON 1 1200 2457152.61159559 0.9261151266 0.7599466840 38.55 80000
2015− 05− 13 CTIO/1.5m CHIRON 1 1200 2457155.58329222 0.0148489764 0.7622628934 45.06 80000
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Table 4: Radial velocities of the donor and their errors.
HJD RV (km s−1) error (km s−1)
2457078.74075340 −107.007 0.464
2457078.76179291 −106.801 0.391
2457081.64889093 −98.052 0.496
2457084.80281535 −56.000 0.649
2457087.65572745 −2.660 0.705
2457090.67030988 54.155 0.854
2457093.71585473 94.720 1.105
2457094.71578943 101.841 0.977
2457097.70121347 101.745 1.098
2457100.64933568 71.432 1.260
2457103.62769326 15.153 1.791
2457115.62824705 −93.987 0.728
2457118.57643026 −50.599 0.944
2457121.61299987 7.012 0.720
2457121.68248558 8.738 0.769
2457121.72158038 9.406 0.749
2457122.62723699 26.157 1.172
2457122.68590166 27.430 1.147
2457123.60255273 44.459 1.214
2457125.54243230 75.944 1.018
2457129.53506219 105.475 1.007
2457132.67083800 89.557 0.901
2457135.59115892 48.835 1.292
2457138.60097040 −18.296 1.658
2457141.63049700 −69.054 1.008
2457145.71165279 −107.108 0.664
2457148.69643838 −97.126 0.781
2457151.80714083 −54.372 1.042
2457152.61159559 −41.587 1.021
2457155.58329222 15.412 0.771
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Table 5: Radial velocities of the gainer and their errors.
HJD RV (km s−1) error (km s−1)
2457121.61299987 16.455 0.611
2457121.68248558 17.276 0.599
2457121.72158038 11.927 0.600
2457123.60255273 7.559 0.624
2457090.67030988 5.428 0.624
2457093.71585473 −4.516 0.610
2457094.71578943 −4.310 0.608
2457129.53506219 −4.208 0.608
2457062.78265893 −6.731 0.603
2457062.80354576 −6.808 0.603
2457097.70121347 −11.708 0.609
2457132.67083800 −15.873 0.604
2457065.73864590 −16.498 0.611
2457065.75953170 −15.399 0.611
2457138.60097040 −16.877 0.619
2457071.65142447 −12.784 0.627
2457071.67231145 −14.066 0.616
2457074.85684834 −7.853 0.614
2457145.71165279 8.475 0.614
2457078.74075340 9.035 0.606
2457078.76179291 8.733 0.605
2457148.69643838 15.724 0.607
2457087.65572745 8.391 0.616
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Table 6: Radial velocities of He I 5875 and their errors
HJD RV (km s−1) error (km s−1)
2457121.61299987 −130.882 0.685
2457121.68248558 −134.489 0.607
2457121.72158038 −128.763 0.363
2457155.58329222 −122.714 0.032
2457122.62723699 −110.354 3.539
2457122.68590166 −104.390 0.660
2457123.60255273 −82.371 0.255
2457090.67030988 −80.060 0.291
2457125.54243230 −62.002 1.056
2457093.71585473 −37.893 1.700
2457094.71578943 −38.739 2.546
2457129.53506219 −33.361 0.696
2457062.78265893 −26.676 0.435
2457062.80354576 −27.353 2.761
2457097.70121347 −42.736 0.463
2457065.73864590 −40.997 1.276
2457065.75953170 −56.653 1.059
2457100.64933568 −58.969 0.314
2457135.59115892 −82.542 1.205
2457068.81094574 −93.843 7.426
2457068.83183151 −99.579 1.821
2457103.62769326 −116.214 0.815
2457138.60097040 −138.043 1.183
2457071.65142447 −139.524 1.116
2457074.85684834 −211.019 0.267
2457074.85684834 −211.019 0.267
2457145.71165279 −245.749 0.820
2457078.74075340 −244.460 0.849
2457078.76179291 −239.287 2.241
2457081.64889093 −232.824 1.144
2457148.69643838 −234.363 0.394
2457084.80281535 −180.051 1.567
2457151.80714083 −189.062 0.497
2457118.57643026 −172.555 2.148
2457152.61159559 −179.926 1.442
2457087.65572745 −140.905 1.524
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Table 7: Photometry points extracted from Vizier Catalogue with a search radius of 2 arsec to build the Spectral
Energy Distribution
wavelength Obs. Flux Obs. Error Filter ID
A erg/s/cm2/A erg/s/cm2/A
4280 3.8961272708038E − 13 1.0765397488993E − 14 TYCHO/TYCHO.B
4297.1691826842 3.3568742904622E − 13 1.6077336496569E − 13 Misc/APASS.B
4640.4198339016 3.6790221791186E − 13 1.2469697114109E − 13 Misc/APASS.sdssg
5340 3.9470079496967E − 13 9.0883216669006E − 15 TYCHO/TYCHO.V
5394.2913582927 3.0914068920168E − 13 1.3638523748095E − 13 Misc/APASS.V
6122.3296283695 4.1249010772103E − 13 2.1731276951292E − 13 Misc/APASS.sdssr
7439.4904529922 3.6321232166977E − 13 1.9135168108482E − 13 Misc/APASS.sdssi
7862.1015966 2.7060061005582E − 13 4.9846474469570E − 15 DENIS/DENIS.I
12210.6027581 1.6530536695297E − 13 3.3495411288929E − 14 DENIS/DENIS.J
12350 1.5958995899691E − 13 3.3807190373159E − 15 2MASS/2MASS.J
16620 8.8762578525412E − 14 1.6350671210266E − 15 2MASS/2MASS.H
21465.009653 4.1737018974359E − 14 1.9220607543274E − 15 DENIS/DENIS.Ks
21590 4.1204825037746E − 14 9.1082511255687E − 16 2MASS/2MASS.Ks
33526 9.0757866535675E − 15 2.7585057793523E − 16 WISE/WISE.W1
46028 2.9820652029785E − 15 5.2185087508631E − 17 WISE/WISE.W2
82283.5545614 5.3621475465995E − 16 3.7105529678368E − 17 AKARI/IRC.S9W
115608 1.1671349817430E − 16 1.6124565662840E − 18 WISE/WISE.W3
220883 1.4612560240564E − 17 6.4601593690368E − 19 WISE/WISE.W4
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